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A method to detect binary interac-tions among SNAREs, membrane 
proteins mediating vesicle fusion, in 
Arabidopsis cells was established. In this 
method, a pair of recombinant SNAREs 
is first expressed within Arabidopsis pro-
toplasts at levels similar to their endoge-
nous proteins in 96-well plates. Changes 
of the interaction are then detected by 
luminescence. Here, we report that the 
interaction of SYP122 and VAMP721, 
a SNARE pair mediating exocytosis, is 
enhanced when Arabidopsis protoplasts 
are incubated in the dark. Microscopic 
observation of plants expressing GFP-
SYP122 by the syp122 promoter suggests 
SYP122 is expressed in the root tip when 
the seedlings are grown in the dark but 
not in the light. In the identical dark-
grown condition, the subcellular local-
ization of SYP111/KNOLLE, specifically 
expressed in dividing cells, is altered. 
Together with our previous report, we 
hypothesize that expression, localization 
and interaction of SNAREs are selec-
tively altered by light conditions to regu-
late cargo transports in Arabidopsis.
Vesicle trafficking plays a crucial role 
in cellular development and adaptation 
in both animals and plants.1,2 SNAREs 
(N-ethylmaleimide sensitive factor attach-
ment protein receptors) are membrane 
proteins that mediate fusion between 
vesicles and organelles to transport cargo 
molecules within the cells.3 At least one 
SNARE molecule is localized in a vesi-
cle4 (designated v-SNARE). When the 
vesicle arrives at the target organelle, the 
SNARE in the vesicle physically inter-
acts with SNAREs localized in the target 
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organelle (designated t-SNARE). Because 
selected members of the SNARE family 
proteins are localized in selected types of 
organelles, SNARE-SNARE interactions 
are thought to occur very selectively in 
the cells, though not necessarily selec-
tive in vitro,5-7 among the SNARE fam-
ily members encoded in the genome.3 
Arabidopsis genome encodes at least 64 
SNARE family members,8 and their 
selective subcellular localizations were 
previously determined.9,10 We thought 
mapping changes of vesicle trafficking 
patterns/pathways in Arabidopsis would 
be useful to understand the mechanism 
of cargo transports during cellular devel-
opment and adaptation in plants. To this 
end, we developed a method, based on a 
split-luciferase complementation assay,11,12 
to assess SNARE-SNARE interactions in 
Arabidopsis cells in a high-throughput for-
mat.13 In this method, a pair of recombi-
nant SNARE proteins, which are fused to 
the N- and C-terminal fragment of Renilla 
luciferase respectively, are expressed by 
constitutive promoters within Arabidopsis 
protoplasts in 96-well plates.
In a previous publication,13 we reported 
that accumulation levels of the recombi-
nant SNAREs in protoplasts are similar 
to that of their endogenous proteins. The 
results from the method largely agreed 
with that from co-immunoprecipitation 
assays. We also demonstrated the capability 
of detecting changes of a SNARE-SNARE 
interaction by luminescence in real-time. 
Using the method, we found a novel phe-
nomenon that the interaction between 
SYP121 and VAMP722, a SNARE pair 
mediating exocytosis,14 is enhanced when 
Arabidopsis protoplasts were incubated in 
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GFP-SYP122 is not detected in the root tip 
(Fig. 1B). These suggest that, in contrast 
to SYP121 and VAMP722, the continu-
ous dark may upregulate the expression of 
SYP122 and also enhance the interaction 
with VAMP721. This finding led us to 
examine the expressions of other SNARE 
family members in the continuous dark. 
We analyzed previously published microar-
ray data in wild type seedlings (the micro-
array probes 61 SNARE family members).18 
Our analysis by Genevestigator V3 with 
a default setting19 identified 11 SNAREs, 
including SYP122, that are upregulated 
(>2.0 fold) in dark-grown seedlings, com-
pared to light-grown seedlings (Table 1). 
This suggested that not only SYP122 but at 
least 10 other SNAREs may be upregulated 
by the continuous dark at a transcription 
level in seedlings. The analysis also revealed 
that SYP111/KNOLLE, specifically 
expressed in dividing cells and localized in 
the cell division planes,20 is downregulated 
(<0.5 fold) in the dark-grown seedlings 
(Table 1). To examine the regulation of 
SYP111 at a cell level, we observed the root 
tip of transgenic Arabidopsis that expresses 
GFP-SYP111 by the syp111 promoter.10 
When the seedlings are grown in the light 
(16 h light and 8 h dark) for 5 days, GFP-
SYP111 is localized in the division planes in 
the root tip as others reported10,21 (Fig. 1C). 
However, when the seedlings are grown in 
the dark (24 h) for 5 days, GFP-SYP111 is 
localized in the vacuoles as well (Fig. 1C). 
This suggests that the continuous dark may 
not only downregulate the gene expression 
but also relocate SYP111 from the division 
planes to the vacuoles.
Together with our previous finding13 
(summarized in Table 1), we now hypoth-
esize that light conditions regulate selected 
pathways of vesicle trafficking to define 
intracellular distribution of cargo mole-
cules in Arabidopsis. The examples are seen 
in changes of intracellular distribution of 
selected membrane proteins in the dark.22 
We believe the regulation is detected as 
changes in expression, localization and 
interaction in selected SNAREs. Studies to 
confirm our findings by other methods are 
the focus of our next investigation.
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and VAMP722 respectively.8 Because 
several studies have suggested functional 
overlap among these orthologous SNARE 
proteins,15-17 we expected the interaction 
between SYP122 and VAMP721 to be 
also enhanced in the light. However, sur-
prisingly for us, the interaction between 
SYP122 and VAMP721 is enhanced when 
Arabidopsis protoplasts are incubated in 
the dark but not in the light (Fig. 1A). 
Seedlings of transgenic Arabidopsis that 
express GFP-SYP122 by the syp122 pro-
moter10 accumulate GFP-SYP122 in the 
plasma membranes in the root tip when 
the seedlings are grown in the dark (24 
h) for five days (Fig. 1B). On the other 
hand, when the seedlings are grown in the 
light (16 h light and 8 h dark) for 5 days, 
the light. Furthermore, we showed that 
seedlings of transgenic Arabidopsis express-
ing GFP-SYP121 (green fluorescent protein 
tagged SYP121) by the syp121 promoter 
accumulate GFP-SYP121 in the vacuoles of 
the root tip when the seedlings are grown 
in the dark (24 h) for 5 days. On the other 
hand, when the seedlings are grown in the 
light (16 h light and 8 h dark) for 5 days, 
GFP-SYP121 is localized in the plasma 
membrane. Based on these findings, we 
suggested that light signaling may upreg-
ulate plasma membrane localization of 
SYP121 and enhance the interaction with 
VAMP722.
As an addendum, we examined 
the interaction between SYP122 and 
VAMP721, closest ortholog of SYP121 
Figure 1. changes in expression, localization and interaction of SNare proteins in arabidopsis cells 
in the dark. (a) enhancement of the SYP122-VamP721 interaction in the split luciferase complemen-
tation assay. recombinant SYP122 and VamP721 proteins, genetically fused to the N- and c-terminal 
fragment of Renilla luciferase respectively, were expressed by constitutive promoters in arabidopsis 
protoplasts. the protoplasts were then incubated in the light (100 μmol/m2/s) or the dark for 16 h 
before measuring relative luminescence units (rLu). as a control, full length Renilla luciferase was 
expressed. an average of the rLus of four independent transformations in a 96-well plate incubated 
in the dark was divided by an average of the rLus of four independent transformations in another 
96-well plate incubated in the light. the results from four independent experiments are presented 
with the standard errors. the changes of the rLus in SYP122-VamP721 (4.46-fold) are significantly (p 
= 0.012) higher than that in full-length Renilla luciferase (0.93-fold). (B) GFP-SYP122 is expressed in the 
root tip in the dark. Seedlings of transgenic arabidopsis expressing GFP-SYP122 by the syp122 pro-
moter (SYP122PrO:GFP-SYP122) were grown in the dark (24 h) or light (100 μmol/m
2/s, 16 h light and 
8 h dark) for five days. transmission images of root tips are shown on the right side of fluorescence 
images for reference. Bar = 500 μm. (c) GFP-SYP111/KNOLLe is localized in the vacuoles, instead 
of division planes, in the dark. Seedlings of transgenic arabidopsis expressing GFP-SYP111 by the 
syp111 promoter (SYP111PrO:GFP-SYP111) were grown in the dark (24 h) or light (100 μmol/m
2/s, 16 h 
light and 8 h dark) for five days. an enlarged fluorescence image for the dark-grown seedling is also 
shown to clarify the vacuole accumulation of GFP-SYP111. Bar = 500 μm.
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Table 1. Summary of changes in expression, interaction, and localization of SNares by the dark
Annotation SYP73 SYP72 VTI14 VAMP711 SYP23 SYP51 VAMP712
Gene locus AT3G61450 AT3G45280 AT5G39630 AT4G32150 AT4G17730 AT1G16240 AT2G25340
Default localization# ER/PM ER/PM Endosome Vacuole LE/Vacuole Endosome TGN/Vacuole
Expression* (fold change) 7.69 5.56 5.00 3.45 3.33 3.12 2.63
Interaction** (fold change) - - - - - - -
Localization in the root 
tip*** 
- - - - - - -
Annotation SYP124 SYP122 SYP24 MEMB11 SYP111 SYP121 SYP132 
Gene locus AT1G61290 AT3G52400 AT1G32270 AT2G36900 AT1G08560 AT3G11820 AT5G08080
Default localization# PM PM LE/Vacuole ER/TGN DP PM PM
Expression* (fold change) 2.56 2.50 2.27 2.12 0.38 0.86 0.97
Interaction** (fold change) - 4.46 - - - 0.28 0.73
Localization in the root 
tip*** 
- PM - - Vacuole Vacuole PM
Control
#Localizations defined by Bassham, et al. (2008) and uemura, et al. (2004). er, endoplasmic reticulum; Pm, plasma membrane; Le, late endosome; tGN, 
trans Golgi network; dP, division plane. *results of the analysis on microarray data (dohmann, et al. 2008) by Genevestigator V3 with a default setting 
(Hruz, et al. 2008). expression signals in arabidopsis seedlings germinated in the dark for 7 days are divided by that in seedlings germinated in the 
light for 7 days. SNares that show higher than 2 fold or lower than 0.5 fold are listed. SYP121 and SYP132 are also listed for the comparison. **results 
of the split luciferase complementation assays. rLu (relative luminescence unit) in arabidopsis protoplasts incubated in the dark for 16 h is divided 
by that in arabidopsis protoplasts incubated in the light for 16 h. the interaction between SYP122 and VamP721 or between SYP121 and VamP722 or 
between SYP132 and VamP722 is measured. the data of SYP121 and SYP132 are from the previous publication (Kato, et al. 2010). ***results of the GFP 
observation in the dark. transgenic arabidopsis that expresses GFP-SYP122, GFP-SYP121 or GFP-SYP111 (by the promoter of syp122, syp121 or syp111 
respectively) is observed with a confocal microscope. the seedlings are grown in the dark (24 h) or in the light (16 h light 8 h dark) for 5 days before 
the observation. Subcellular localizations in the root tip are shown. GFP-SYP121 and GFP-SYP111 are localized in the plasma membrane and division 
planes, respectively, in the root tip when the seedlings are grown in the light. GFP-SYP122 is not detectable in the root tip when the seedlings are 
grown in the light. the data of SYP121 and SYP132 are from the previous publication (Kato, et al. 2010). -, not analyzed.
